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Introduction
Abbreviations: ADF, acid detergent fibre; CLA, conjugated linoleic acid; CP, crude protein; DM, dry matter; EE, ether extract; FAMEs, fatty acid methyl esters; NDF, neutral detergent fibre; OM, organic matter; SO, sunfloweroil; HPO, hydrogenated palm oil; LCFA, long-chain fatty acids; PUFA, polyunsaturated fatty acids; TMR, total mixed ration; VA, vaccenic acid.most abundant CLA, is considered to have anticarcinogenic properties (Ip et al., 1999) , while frans-10, cis-12 CLA is capable of lowering body fat and increasing lean body mass (Park et al., 1999) . trans-10, cis-12 CLA also decreases the concentration of fat in cow milk (Peterson et al., 2002) and of ewe milk (Lock et al., 2006) .
Dietary polyunsaturated fatty acids (PUFA), which undergo incomplete ruminal biohydrogenation, are one source of cis-9 frans-11 CLA in milk fat. The principal source, however, is endogenous synthesis in the mammary gland from vaccenic acid (VA, Cig : i trans-11), an intermediate that also escapes complete biohydrogenation in the rumen .
In recent years there have been numerous studies on increasing CLA content in the milk of dairy cattle using a dietary supplement of vegetable oils rich in C18:2 (Bell et al., 2006; Huang et al., 2008) . Few studies on CLA milk content, however, have been carried out in dairy ewes given PUFA-rich oils, such as sunflower oil (SO) or soybean oil. The few studies report an increase in VA and cis-9 trans-11 CLA content in milk fat (Zhang et al., 2006; Bouattour et al., 2006) .
In intensive dairy sheep farming systems, hydrogenated palm oil or calcium soaps of palm oil, are usually used as dietary supplements. However, these oils have little C18:2, a precursor of cis-9 trans-11 CLA and VA in the rumen.
The aim of this study was to investigate the effects of supplementing dairy ewe diets with hydrogenated palm oil (HPO), used as an alternative to calcium soaps, or SO, rich in C18:2, on milk yield and composition, and on milk fatty acids profile including CLA content.
Materials and methods
Two experiments were conducted simultaneously to study the effects of SO and HPO supplements on the apparent digestibility of the diets, and on lactational performance and fatty acid profile of milk fat. Animal care procedures followed in this study were approved by the Committee of Animal Experimentation of the Complutense University of Madrid.
2.Í. Animals, treatments, and experimental procedures

2.Í.Í. Experiment 1
Six dry (non-pregnant, non-lactating) Lacaune ewes (71.4 ±2.29 kg body weight) were used in a replicated 3x3 Latin Square design with 21 days periods. Ewes were housed in individual cages (0.90 m x 1.45 m) that permitted total collection of feces separately from feed residues and urine. Separate collection of feces and urine was made possible using a metal screen which was placed under the metabolism cages at an angle of approximately 45°. The fecal pellets dropped were collected into plastic bags and placed inside plastic containers.
Treatments consisted of a control diet, without added oil, and 2 diets supplemented with either 12 g/kg SO or 12 g/kg HPO (HIDROPALM®, NOREL, SA, Madrid, Spain) on a dry matter (DM) basis. Experimental rations were formulated to be isoenergetic and isoproteic and were supplied as total mixed ration (TMR), with a foragexoncentrate ratio of 60:40 twice a day (09:00 and 17:00h). Ingredients and chemical composition of experimental rations, and the fatty acid profile of fat supplements, are presented in Tables 1 and 2 , respectively. Animals had free access to fresh water.
For 6 consecutive days, following a 15-day adaptation period, the quantity of feed consumed and that of feces from each animal were registered. Samples of feed and orts were taken daily, pooled for each animal and dried at 60 °C to constant weight. A representative sample (10%) of the feces of each ewe was taken daily and kept frozen at -20 °C until subsequent analysis. 
2.Í.2. Experiment2
Sixty multiparous Lacaune dairy ewes were divided into three groups of 20 each, homogenous for milk yield (average milk production =0.98 ±0.030 kg per head per day), days of lactation (average days in milk= 120 ± 12), and body weight (mean live weight= 74.3 ±0.93kg). Animals were assigned randomly to one of three experimental diets and group-fed by treatment for ad libitum intake (about 105% of expected intake, 2.4 kg per head per day) twice a day (9:00 and 17:00 h). The animals pens were of the same size with similar stall design, flooring and water accessibility. Experimental diets were described in Experiment 1 (Table 1) and supplied as TMR. Ewes had free access to water. Milking took place once a day (ll:00h). After a 2-week period of adaptation to the experimental diets, 4-week experimental period was initiated in which milk yield was weekly recorded and sampled for subsequent laboratory analysis. A portion of milk (50 mL) from each ewe was stored at 4 ° C and used to determine fat and protein content, while another aliquot was stored at -20 °C for later fatty acid analysis.
Analytical methods
Contents of DM, ash, crude protein (CP), and ether extract (EE), were determined for each sample of feed, orts and feces, by AOAC (1999) official methods. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) analyses were carried out as described by Van Soest et al. (1991) , using the ANKOM 200 ' 220 Fiber Analyser (ANKOM Technology Corp., Fairport, NY). NDF analysis was performed with sodium sulphite and a heat stable amylase and expressed with residual ash. ADF was also expressed with residual ash. Samples of the fat supplements used (HPO and SO) were analyzed by gas chromatography to determine their fatty acid profiles. For esterification of fatty acids, 0.2 g of fat was weighted and diluted in 4mL hexane, the solution was transferred into a centrifuge tube and 200 |xL KOH was added. After mixing, tubes were incubated for 30min and later centrifuged for 30 s at 2000 rpm. The upper organic layer was transferred into the glass vial for GC analysis. GC analysis employed a Agilent Technologies 6890N instrument with FID detector and software turbochrom 4. For separation a 30 m x 0.32 mm (i.d.) fused capillary column (Omegawax 320,0.25 |xm film thickness, Supelco, Bellefonte, PA) was used. Column temperature program: 190 °C maintained 2min, slope 5°C/min until 230 °C maintained 3min. Injector and FID temperatures were 260 °C, helium was used as the carrier gas under head pressure of 11 psi. Split injection (100:1) was performed.
Protein and fat contents of milk were determined using a Milkoscan-4000 (Foss Electric, Hillerod, Denmark).
Separation of the fat for fatty acid analysis was performed by centrifuging 20 mL of milk at 12,000 x g for 20 min. Fatty acid methyl esters (FAMEs) of milk were obtained by alkaline transesterification, following the method described by Wolff and Fabien (1989) . Afterward, FAMEs were extracted with 1 mL of hexane. Hexane was evaporated to dryness under a nitrogen stream, and FAMEs were subsequently dissolved in 1 mL of hexane. FAMEs were analyzed by gas chromatography using a HewlettPackard HP-6890A gas chromatograph, equipped with an on-column injector and a flame ionization detector, using a polyethyleneglycol capillary column (Supelcowax-10, Supelco, Bellefonte, PA) (60m x 0.32mm i.d. x 0.25 |xm film thickness). Gas chromatograph oven program temperature was as follows: initial temperature of 180 °C, 5°C/min to 200 °C; 40 min at this temperature and thereafter 5°C/min to 250°C, and then kept for an additional 21 min. Injector and detector temperatures were 250 °C. Carrier gas was nitrogen at a flow rate of 0.8mL/min. C13:0 (Sigma-Aldrich, St.Louis, MO, USA) was added to each sample as an internal standard before methylation. Individual FAME peaks were identified by comparison of their retention times with those of standards (Sigma, St. Louis, MO)
Statistical analyses
Data from the digestibility study were analyzed as a replicated 3x3 Latin Square using the General Linear Models procedure of SAS (SAS Inst. Inc., Cary, NC). The model included effects of diet, period and ewe. Orthogonal contrast (1, control vs. SO and HPO; 2, SO vs. HPO) was used to compare treatment means.
Data for milk yield and milk composition, as well as for fatty acids profile in milk fat were analyzed as repeated measures using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). The diet was used as main effect and week of sampling was the repeated measure. Each sheep was considered as 1 experimental unit. The lowest Bayesian information criterion was used to choose the matrix of error structure. Least squares means were reported, and significance was declared at P< 0.05.
Results
3.Í. Apparent digestibility
As shown in Table 3 , addition of vegetable fat to the diet increased apparent digestibility of OM (P= 0.03) (0.665 (Bocquier et al., 1993). vs. 0.696), and tended to increase that of DM (P=0.06) and CP (P=0.07), but no significant differences in apparent digestibility of EE, NDF or ADF were observed (contrast 1: control vs. SO and HPO). Supplementation with HPO or SO did not result in significant differences in the apparent digestibility of DM, OM, CP, EE, NDF and ADF (contrast 2: SO vs. HPO).
Milk yield and composition
The effects of the diets on milkyield and composition are presented in Table 4 . Milk yield and energy-corrected milk were higher (P<0.05) for ewes fed HPO relative to those fed control diet. Contents (g/kg) of fat and protein were not affected by treatments, however, yield (g/day) of fat and protein were higher (P< 0.05) for ewes fed HPO diet. Table 5 shows the fatty acid composition of milk fat from ewes fed control and lipid supplemented rations. Supplementation with vegetable fats did not affect short and medium chain fatty acid (C4:0-C14:0, and some C16:0) composition (Table 5) .
Fatty acid composition of milk
Supplementation with HPO increased C14:l, C16:l and C16:0 content and reduced C18:0 and C18:l cis-9 content in milk fat.
Feeding 12 g/kg SO, characterized by greater unsaturated fatty acids content (Table 2) , significantly increased this fatty acids class in milk. The concentration of cis-9 rrans-11 CLA and VA in milk fat were higher for ewes fed the SO diet. Milk fat from diets with SO had 36% more VA and 29% more cis-9 rrans-11 CLA than milk fat from the control diet, while supplementation with HPO produced milk fat with 15% more cis-9 frans-11 CLA.
Discussion
Digestibility of nutrients in ruminant rations with added fat is variable, depending on the quantity and type of fat used (Doreau and Chilliard, 1997) . Hogan et al. (1972) observed the highest DM and OM digestibility values in Table 5 Fatty acid composition (g/100 g of total fatty acids) of milk fat from ewes fed diets supplemented with vegetable fats (data are least squares means ± S.E.). Merino sheep consuming alfalfa hay supplemented with SO (OM digestibility = 66% in diets without oil vs. 71.6% in diets supplemented with SO). However, neither Reddy et al. (2003) , in sheep given a calcium soap of palm oil supplement, nor Wachira et al. (2000) , in sheep fed different sources of fat, observed differences in DM or OM digestibility Other authors have also reported high CP digestibility values, concurring with those observed in our study. Appeddu et al. (2004) reported higher CP digestibility values in lactating ewes given a ration supplemented with calcium soaps of palm oil and tallow than in those fed rations that did not include a fat supplement.
Inclusion of non-protected lipids in ruminant rations is generally associated with negative effects on ruminal digestion, particularly on structural carbohydrate digestibility. Nevertheless, in addition to ourselves, other authors (Ohajuruka et al., 1991; Salado et al., 2004) observed no differences in NDF and ADF digestibility using fat supplements, either. Likewise, Zervas et al. (1998) did not observe significant differences in NDF and ADF digestibility in dairy ewes fed 400 g of grass hay and 600 g of concentrate with a 5% soy oil content. Ohajuruka et al. (1991) report that it is possible to include up to 5% fat in rations with 60% forage without adverse effects on digestion. In the present study, the amount of forage (60%) and the levels of oil used (1.2% on a dry matter basis) may have minimized the effects of the fat on fibre digestion.
Although supplementation with moderate amounts of fat is usually associated with increased apparent digestibility of lipids (Eastridge and Firkins, 2000; Reddy et al., 2003) , other studies report results similar to our own. Palmquist (1991) using different fat supplements did not observe differences in apparent digestibility of fatty acids. Using fat supplements with different degrees of saturation, Harvatine and Allen (2006) observed no differences in apparent digestibility of fatty acids either, although these authors did observe a linear decrease in apparent digestibility of the fatty acids as the level of saturation of the fat supplement increased. Doreau and Chilliard (1997) indicated that apparent digestibility of fat measured for the whole digestive tract is questionable and should be used only to compare the digestibility of different sources of lipids given in the same amounts.
Despite the fact that the 3 diets supplied the same amount of net energy for lactation, the HPO supplement increased milk yield and ECM. This indicates that the nonfermentable energy in the form of saturated fat supplied by the HPO diet was more efficiently used for milk production than that of the other diets. Salado et al. (2004) obtained similar results in dairy cattle when a ration supplemented with a partially hydrogenated vegetable oil was compared with an isoenergetic diet without added fat. In that study, milk yield increased in cows supplemented with hydrogenated fat but no increase in total energy intake was detected. Furthermore, animals fed the HPO supplement did not display greater weight loss or a higher level of plasma non-esterified fatty acids than those given the isoenergetic diet without added fat. These authors conclude that further investigation of the mechanisms that increase milk production is needed. Wu et al. (1993) compared a control ration, without added fat, to rations containing 2.5% saturated fat of different kinds in dairy cattle. These authors did not observe differences in DM intake, but did report greater milk production with the hydrogenated fat supplement.
Despite their differences in fatty acid profile, supplementation with HPO or SO did not result in significant differences in the percentage of milk fat and protein in the present study (Table 4) . Our results concur with those of Wu et al. (1993) and Bu et al. (2007) in cows. Other studies, using saturated or protected fats (Grummer, 1991; Palmquist and Beaulieu, 1993, in cows; Pérez Alba et al., 1997; Gargouri et al., 2006, in sheep) , report an increase in the percentage of milk fat. Results of dietary supplementation with unprotected oils rich in PUFA are quite varied. Using rapeseed oil, Mir et al. (1999) obtained a significant increase in both the percentage and amount of milk fat in dairy goats. On the other hand, neither Kitessa et al. (2001) , with fish oil in goats, nor Allred et al. (2006) , with fish and soy oils in cows, observed significant differences. Finally, studying the effects of different types of vegetable oils used as supplements, Zheng et al. (2005) and Bell et al. (2006) , in cows, and Zervas et al. (1998) and Zhang et al. (2006) , in dairy ewes, observed that vegetable oils sharply decreased the percentage of milk fat.
Previous studies indicated that diets with a vegetable oil supplement must induce changes in ruminal fermentation in order to cause a significant reduction in fat synthesis (Griinari et al., 1998) . Kalscheur et al. (1997) have also observed that vegetable oil-supplemented diets that maintain a normal ruminal environment have minimal effect on milk fat synthesis. Our study used a moderate (1.2% on a dry matter basis) level of SO, which probably did not upset the ruminal environment, as indicated by the absence of any effect on NDF or ADF digestibility values in Experiment 1 (Table 3) . Huang et al. (2008) , when supplementing diets with 5% soy oil; Bell et al. (2006) , when supplementing diets with 6% safflower oil, in dairy cattle; and Casals et al. (2006) , when supplementing diets with 2.7% linseed, in dairy ewes, also failed to observe treatment effects on milk protein content. In contrast, other authors reported that milk protein decreases with fat supplementation (Wu et al., 1993, in cows; Pérez Alba et al., 1997; Casals et al., 1999, in ewes) . The higher fat and protein daily yields (g/day) observed in the milk of HPO diet animals was a result of the greater milk yield registered in this group (Table 4) .
Fatty acid composition of milk
Reduction in short and medium chain fatty acid content in milk after dietary supplementation using oils with a high long-chain fatty acid content has been reported in numerous studies in cattle (Allred et al., 2006; Bell et al., 2006) , sheep (Zhang et al., 2006; Chiofalo et al., 2004) and goats (Schmidely and Sauvant, 2001 ).
Short and medium chain fatty acids are synthesized from acetate and (3-hydroxybutyrate in the mammary gland (Chilliard et al., 2000) . The decrease in the percentage of these fatty acids in milk when fats are added to the ration is attributed to the fact that long-chain fatty acids (18 or more carbon atoms), from the feed or the mobilization of body reserves, inhibit synthesis of acetyl-CoA carboxylase, thus decreasing de novo synthesis in mammary gland cells (Palmquist and Beaulieu, 1993) . Fat from the feed also has an indirect effect on lipogenesis in the mammary gland, as it modifies ruminal fermentation, decreasing availability of acetate and (3-hydroxybutyrate, both of which are precursors of mammary lipogenesis (Schmidely and Sauvant, 2001) . Nevertheless, this decrease only occurs when the fat added to the ration affect ruminal functioning (Chilliard et al.,2000) .
As can be deduced from Experiment 1 (Table 3) , the levels of added fat in our study did not produce negative effects on ruminal digestion, which may explain the absence of any response to the dietary supplements.
In goats, Sanz Sampelayo et al. (2002) did not observe changes in the concentration of short and medium chain (up to 14 °C) fatty acids after adding fats to the diet, either.
The hydrogenated palm oil (HPO) diet contained higher levels of C16:0 and C16:l than control and sunflower oil (SO) diets, and greater concentrations of C14:l than those of the control diet (Table 5) , as a result of the greater C14:0 and C16:0 content of the HPO diet. Both C14:0 and C16:0 are precursor of C14:l andC16:l due to A 9 -desaturase activity in the mammary gland (Chilliard et al., 2000) . These results concur with those obtained in dairy ewes by Appeddu et al. (2004) and Casals et al. (2006) with calcium soaps of palm oil.
The greater concentration of C18:0 observed in the milk of ewes fed the control and SO diets compared with that of ewes given the HPO diet may be due to the total ruminal biohydrogenation of part of the unsaturated dietary C18. Grummer (1991) indicates that it is easier to increase the C18:0 content of the fat in milk with supplements rich in mono and polyunsaturated fatty acids than with supplements that provide stearic acid per se. The higher levels of oleic acid (cis-9 C18:l) observed in the milk of ewes given the SO diet compared with those in the milk of ewes given the HPO diet may be partly due to the action of A 9 -desaturase enzyme in the mammary gland over a portion of the C18:0 generated in the rumen, and partly to the fact that SO contains higher concentrations of oleic acid than HPO (Table 2) .
The increase in milk ris-9 trans-ll CLA and VA concentration with the SO was expected, ris-9 trans-ll CLA and VA are intermediates of the biohydrogenation of C18:2 ris-9 cis-12 (linoleic acid), which is present in high concentrations in sunflower oil. Several authors indicated that the main proportion of CLA (from 64 to 98%) in milk fat is produced in the mammary gland by A 9 -desaturase from VA . The ris-9 trans-U CLA content of milk fat in the SO diets came in part from ruminal biohydrogenation of linoleic acid and in part was produced by A 9 -desaturase activity, from C18:l trans-ll, while the ris-9 trans-U CLA of milk fat in the HPO diets came almost entirely from desaturation of VA in the mammary gland, due to A 9 -desaturase activity.
There are other studies that note an increase in VA and ris-9 trans-U CLA content in milk fat after supplementing diets with oils rich in PUFA. These studies include those of Zhang et al. (2006) , in ewes fed linseed and sunflower oils, Bernard et al. (2005) , in goats consuming linseed and sunflower oils and Bouattour et al. (2008) , in goats consuming soybean oil. On the other hand, as mentioned earlier, studies with hydrogenated palm oil are scarce. The few studies carried out with calcium soaps of palm oil report an increase (Allred et al., 2006 , in dairy cows) or no effect , in dairy ewes) in C18:2 ris-9 trans-U CLA milk fat content.
The product:precursor ratios has been used as a possible indicator of A 9 -desaturase activity (Perfield et al., 2002; Lock and Garnsworthy, 2003; Allred et al., 2006; Soyeurt et al., 2008) . There are four main products of A 9 -desaturase activity in the mammary gland of ruminants, C14:l, C16:l, C18:l ris-9 and C18:2 ris-9 trans-ll, which are produced from C14:0, C16:0, C18:0 and C18:l trans-ll, respectively. Of these, the best indicator of A 9 -desaturase activity is the C14:1:C14:0 ratio because all of the C14:0 in milk fat is produced via de novo synthesis in the mammary gland, consequently desaturation is the only source of C14:l . The HPO supplemented diet displayed a greater C14:1:C14:0, C16:1:C16:0, C18:l cis-9:C18:0 and C18:2 ris-9 trans-11 :C18:1 trans-11 ratios than control diets (Table 5 ). The higher C18:2 ris-9 trans-U CLA values of milk from the HPO ewes compared with that of control animals may be partially attributed to greater A 9 -desaturase activity in the mammary glands of the former ewes. The high levels of ris-9 trans-U CLA in the milk of ewes given SO but that showed no increase in A 9 -desaturase activity suggests that the sources of ris-9 trans-U CLA in this milk were ruminal biohydrogenation and desaturation of VA in the mammary gland. The high levels of A 9 -desaturase activity observed in diets with palm oil (HPO) have also been reported for dairy cows by Allred et al. (2006) in diets with calcium soaps of palm oil. Factors affecting the activity of A 9 -desaturase are not well understood, but may be influenced by genetics, stage of lactation and nutrition (Lock and Garnsworthy, 2003) . The review by Ntambi (1999) reports that diets rich in saturated fatty acids induced desaturase activity in rat liver and diets rich in PUFA such as linoleic acid, diminished A 9 -desaturase activity.
As a result of the high mono-and poly-unsaturated fatty acid content of SO diets, the atherogenic index of milk fat from SO treatment (Table 5 ) was low. The importance of this index is currently under discussion, but seems to be relevant in the case of people consuming an excess of saturated fat.
Conclusions
Supplementation of diet with 12g/kg sunflower or hydrogenated palm oil did not affect the NDF or ADF digestibility of the rations. Inclusion of 12 g/kg HPO in the diet increased milk production without affecting the percentages of fat and protein. Adding 12 g/kg HPO or SO to the concentrate increased CLA concentration in milk fat. Nevertheless, supplementation with SO was more effective than HPO in increasing CLA concentration in milk fat. Feeding SO could be a valuable tool for farmers to dairy sheep under intensive feeding system to produce milk and dairy products enriched in PUFA, CLA, and VA, which are considered healthier for human consumers.
